Distributed Beamforming for Randomly Distributed Sensors with Position Error Correction  by G.Vaikundam,  & Sudha, G.F.
Procedia Engineering 30 (2012) 410 – 417
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.01.879
Available online at www.sciencedirect.com
 
 
Procedia 
Engineering  
          Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia 
 
420 
 
International Conference on Communication Technology and System Design 2011 
Distributed Beamforming for Randomly Distributed Sensors 
with Position Error Correction 
G.VAIKUNDAMa, G.F.SUDHAb, a* 
,baDepartment of ECE, Pondicherry Engineering College, Puducherry,605 014 India  
Abstract 
Beam forming is a technique designed for antenna an array in which phase of each antenna element is 
adjusted such that the resultant waves are coherently added to get maximum signal strength at the desired direction. 
This technique has been applied to sensors recently. Since the sensors are randomly distributed, the randomness 
introduces deviation in position of sensors from ideal linear array. The deviation in position of actual sensor to ideal 
one is called position error and an approach to correct position error is proposed in this work.  The sensors 
distribution has been modeled using uniform and Gaussian distributions. The results have been compared with ideal 
linear array. 
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1. Introduction 
Sensors are tiny devices which have limited operating power, processing capacity and 
communication capabilities. They are used where the human approach abilities is limited or not possible. 
Because of their limited capabilities, they require special processing as compared with other devices. In 
general, a sensor has two jobs to be performed. 1) Primary and 2) Secondary job. The primary job is its 
intended purpose e.g. wind flow measurement, temperature measurement, vibration measurement etc. The 
secondary job is to communicate the result to the destination device for further computation, monitoring 
and controlling.  Beamforming is a technique used to effectively transmit the information to the 
destination. The Beamforming of distributed sensor has been modeled in [1] in which the gain has been 
calculated to be  in the beam direction and otherwise N.  The feasibility and challenges of beam 
forming for distributed sensors has been studied in [2]. The transmission equation for sensor network has 
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been derived in [3].  The author explains a method to calculate the phase for sensors which has deviation 
from ideal sensor location. Performance characteristic of Beamforming for sensor network using uniform 
and Gaussian distribution has been studied in [4] & [5].  Distributed beam forming using sensor array has 
been explained in [6] and [7] and two methods of forming linear arrays are explained. Least square 
methods and House holder transformation are proposed to improve the beam pattern formed in [7]. Both 
papers consider only uniform distribution. In this paper the average beam pattern is calculated for a 
uniform linear array with modification for position errors and both uniform and Gaussian distribution has 
been considered. 
 
This paper is organized as follows. The section 1 gives introduction and existing work. The 
section 2 deals with assumption of model. The section 3 and 4 explains about proposed work.  The 
section 5 and 6 discuss beam pattern formation. The section 7 and 8 are about result and conclusion. 
2. Assumptions of the Model 
The sensors distribution has been modeled using uniform and Gaussian distribution. It is 
assumed that 1) Each sensor knows its position 2) The sensors are static 3) There is no reflection effects 
4) The sensors are distributed in a plane surface. 5) The azimuthal angle is 0 degree 6) The phases of 
sensors have been synchronized by either open loop or closed loop method. 7) All sensors have equal 
capabilities.  By increasing the array element, better beam pattern would be obtained at the cost of 
expanding power. This is a trade off between beam performance and power consumption.  
3. Proposed Work 
An approximate linear array is formed using iterative algorithm in [6] in which those sensors 
which satisfy the linear equation have been selected. Another alternative approach has been suggested in 
the paper [7] in which those sensors which forms a linear line passing through the cluster head (CH) have 
been selected. The line is rotated around the CH and the second set of sensors was selected and this is 
repeated till best sensors set are formed. Among these, one set is chosen. This method involves number of 
iterations for selection of a best sensor set which involves increased computation. At the first iteration, the 
best sensors falling on a assumed line are selected from the full set N. At every iteration the assumed line 
is rotated by some angle and best sensors are selected, therefore  the searching set get reduced by the 
number of selected sensors. Finally out of selected group of sensors through rotation of line, best one set 
of sensors are selected for beam formation. Hence, the computational complexity increases. Moreover the 
sensors are selected around CH along the line. It is possible that there might be set of sensors which do 
not include CH but, they might best match the ideal linear array. 
 
 In this paper a simple approach is proposed in which a best fit line is used as reference line to 
select the sensors. There is only one best fit line for the given trial of experiment. Another advantage is 
that, the best fit line reduces the vertical distance from the actual positions of sensors and the assumed 
line. The best fit line is basically a solution to the least square problem and the solution is approximated. 
This indicates the possibility of error existence. The errors in the model could be reduced by selecting 
sensors which are very close to the assumed line. 
 
In a randomly strewed sensor network, it is possible that the sensor might not be on the best fit 
line. This deviation in position of sensor can be called as perpendicular distance errors. This is measured 
as the distance between actual position and foot of perpendicular from sensor to best fit line.  Secondly, 
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the sensor might be positioned on the line, but not on the ideal position. This error is called as linear error. 
This is calculated as the difference between the actual and ideal sensors array position. The Euclidean 
distance error is the Euclidean distance between actual and ideal sensor position. The perpendicular 
distance error, linear error and Euclidean distance error are illustrated in fig 1 
    
 
Fig. 1. Illustration of position error 
 
In order to get better beam pattern, it is sufficient to reduce the Euclidean distance error which 
takes care of both errors i.e. linear error and perpendicular error. 
4. Selection of  Sensor Array 
The linear array is formed by drawing the best fit line. There is always only one best fit line for 
the given trial of distributed sensors. Though the best fit lines tries to minimize the sum of squares of 
vertical distance, the perpendicular distance errors calculated is subset of vertical distance errors and 
hence the perpendicular distance error is minimized by right selection of the sensors.  The sensors which 
have been positioned within +mean/selection factor, perpendicular distance was selected. Here  is the 
square root of variance in perpendicular distance errors and mean is mean of perpendicular distance 
errors. The selection factor can be varied depending on the number of array sensors From the selected 
sensors, 10 consecutive sensors with inter distance of   /2 +/-    have been selected, where the value of  
  is 0.2 times /2. Thus a group of 10 sensors forming a linear array are formed.  Like wise this trial is 
repeated till the best set which reduces the Euclidean distance error is obtained. 
5. Formation of Bean Pattern 
The foot of the perpendiculars for the set of selected sensors was found. The distances  ’s are 
calculated. The ’s are used in the phase correction calculation. One sensor is selected as reference. The 
’s are calculated from the reference sensor. The phase correction based on perpendicular position errors 
is adjusted with array factor calculated in equation (1). 
 
The array factor for linear array is calculated using [8] 
   
        (1) 
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     Where 
 
        and                                  
 
         k is propagation constant               
 
6. Position Error Correcting Method 
The position correction has been calculated using transmission line equation in [3].  The 
calculated position correction is the weight which is multiplied with each sensor to obtain the final beam 
pattern. 
 
For distributed linear array, the array factor without weight is calculated as follows by modifying 
the equation (1)  
 
                 (2) 
Where 
       is the distance from reference sensor to  the  sensor 
 
                                         
 
                     
 
For distributed array with weight, the array factor is calculated as follows with modification in 
equation (2) 
            (3) 
     and  is calculated weight             
 
 For comparison purpose, the weights are calculated using pseudo inverse method. The sensors 
positioned are modeled using best fit line which uses least square principles. After performing the same 
mathematical operation on all sensors which have been selected based on least square principles, the 
expected output also could be modeled as a least square problem. Here the expected output is the 
response of ideal linear array.  
      
The system involved is over determined where the number of equations involved is more than 
the number of unknown variables. The pseudo inverse method has been used to calculate the weight and 
also the solution would be an approximated one as the solution subspace space is thin subspace. [9] 
 
The pseudo inverse method is modeled as [9] 
  
Aw = B                                                            (4) 
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Where A is steer matrix 
         B is   of linear array as given in (1) 
               
Hence, 
             W=                              (5) 
There exists definitely errors in the calculated response and expected response as there existed 
error in the position of random array from ideal array. This clearly the explains the application of least 
square principles for finding the weights. 
7. Simulation and Results 
The sensors distribution has been modeled using uniform and Gaussian distribution. The 
coordinates are selected with distance of 0 to 10units for uniform distribution. The model assumes 1000 
sensors spread over the area of 100*100units. There fore, on average a sensor node can be found at a 
distance of 10units. i.e. 100*100/1000=10 unit area. For the Gaussian distribution, the model parameters 
are zero mean and 0.3 . The sensors are spread over -50 to 50 along abscissa and ordinates.   
 
The simulation has been done in MATLAB. The iteration was varied from 50 to 1000  
 
A sample of trial of uniform distributed sensors and Gaussian distributed sensors and best 
selected sensors are illustrated in fig 2 (a) & (b). 
 
   (a)      (b) 
Fig. 2. Distribution of 1000 sensors (a) Uniform (b) Gaussian distribution  
415G. VAIKUNDAM and G.F. SUDHA / Procedia Engineering 30 (2012) 410 – 417 G.Vaikundam,et.al / Procedia Engineering 00 (2011) 000–000 425 
425 
 
The normalized beam pattern (0 to 180 deg) for Gaussian distributed and uniform distributed 
sensors have been illustrated in fig 3 (a) & (b) for ideal/reference linear array, randomly distributed linear 
array without position correction and with position correction using the proposed method. The normalized 
beam pattern with position correction using pseudo inverse method is also plotted for comparison  
 
The mean error calculated from between the ideal beam pattern and position corrected 
normalized beam pattern from Gaussian distributed and uniform distributed sensors have been calculated 
and illustrated in fig. 4 
 
                                               (a)                                                                                                           (b) 
Fig. 3. Beampattern using 10 array elements out of 1000 (a) uniform distributed sensors & (b) Gaussian   distributed sensors 
 
 
 
 
Fig 4 Error graph between uniform and Gaussian distributed arrays of 10 array elements out of 1000 sensors 
 
It is seen from fig 4 that for a 1000 sensor array, the error is lower for Gaussian distribution 
compared to uniform distribution So Gaussian distribution can be preferred to uniform distribution.  
 
Though the best fit uses the minimization of vertical distance between the available sensors and 
best fit line, the set of sensors selected based on perpendicular distance error is sub set of sensors selected 
based on vertical distance errors and the same has been verified with simulation trials. 
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The experiment was repeated for 1000 sensors forming a 5 element and 15 element array in 
Gaussian distribution Fig 5 (a) & (b) illustrate the beam pattern formed  
 
It is inferred that with the number elements increased, the side lobe width reduces for both the 
uniform and Gaussian distributed sensors. 
 
  
                                  (a)                                                                                                       (b) 
Fig 5 (a) Beampattern for 1000 Gaussian distributed sensors (a) using  5 array elements  & (b) using 15 array 
elements  
 
The simulation was next carried out by increasing the densities of sensors to 2000 and with density 
of sensors increased, there is better chance of selecting best 10 sensors and hence the errors in best fit line 
get further reduced. This leads to better beam pattern. This is shown in fig 6 
 
 
 
 
Fig 6   Beampattern using 10 array elements out of 2000 Gaussian distributed sensors 
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8. Conclusion 
The beam pattern of distributed linear array formed from Gaussian and uniform distribution has 
been studied in this paper. The linear array has been formed using best fit line equation. The weight 
calculated from position errors gives better results than weight calculated using solving system of over 
determined equation by method of pseudo inverse. The pseudo inverse gives only approximated results 
and this causes the deviation from reference beam pattern of uniform linear array. It is observed that 
Gaussian distributed sensor array performs better than uniform distribution for same number of nodes, 
that is, the position errors caused by Gaussian distributed sensors are less in comparison to linear 
distributed array. Simulation trials indicate that the side lobe width is reduced with number of array 
elements increased. Similarly, with increase in the density of sensors, the beam pattern has improved and 
approximates an ideal linear array. 
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